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INTRODUCTION. 
In  I9IO  Yamanouchi  published  two  papers  2' 3  on  the  action  of 
atoxyL  In  these  papers  he  pointed  out  that  red  blood  corpuscles 
incubated  with  a  4  per  cent.  solution  of  atoxyl  for  2~  hours  at 
38o  C.  transform  this  medicament  into  a  trypanocidal  substance. 
This  transforming  power  Yamanouchi  found  to  be  thermolabile, 
for it was lost when the blood was heated to 8o °  C.  for 3o minutes. 
The effect on blood of  temperatures  below 80 °  C.  or of  incubation 
periods shorter or longer than 30 minutes were not reported. 
In continuing work at The Rockefeller  Institute upon a  problem 
assigned me in the George  Speyer House,  Frankfurt a/~.,  by Pro- 
fessor  Paul  Ehrlich,  I  had  occasion  to  carry  out  experiments  the 
results  of  which are  in  accord  with  those  of  Yamanouchi  quoted 
above.  My  experiments,  however,  go  further.  They  establish 
more  exactly  the temperature  at  which the transforming power  of 
blood is lost and show in addition the effect heat has upon the bind- 
ing power of blood. 
TECHNIQUE, 
Defibrlnated  rabbit blood was  used  in  all the  experiments.  To  obtain  trans- 
formed atoxyl  I  to  IO per cent. atoxyl was  dissolved  in blood and the blood was 
placed  in  small  sterile bottles  holding about  2  c.c.  each.  The  bottles  were  then 
closed  tightly with corks  which  had  been  impregnated  by  immersing  for  a  few 
seconds  in paraffin heated to  2o0  °  to  21o  °  C.  As  soon  as  the corks  cooled  they 
were  inserted  in the mouths  of the  bottles  and  were  fastened  there  securely  by 
means  of  fine copper wire.  The bottles were then immersed  in  a  large quantity 
of  water  kept  accurately  at  37  °  C.  They  were  shaken  vigorously  under  water 
for 3  minutes and then were  allowed  to  remain at rest under  water  ~or 2  hours 
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and  57  minutes.  The  bottles  were  then  removed  from  the  warm  water,  cooled 
in tap water,  and a  number of  dilutions were  made with  sterile 0.9 per cent.  salt 
solution.  Small  volumes  of these  dilutions, 0.5  c.c.  usually,  were  then  tested by 
adding to them an equal volume of a  trypanosome suspension in  serum.  Trypa- 
nosoma brucei  (goat normal passage iii), obtained through the kindness of "Pro- 
fessor  Ehrlich,  was  used  in  all  these  experiments.  In  making  the  suspension  a 
richly infected  mouse  was  ,bled  into  IO to  15  c.c.  of  sterile  filtered  cattle  serum, 
the serum was centrifugalized sufficiently to throw down  the red blood cells,  but 
not the trypanosomes.  By  means of  a  blood counter  the  serum  suspension was 
made  to  contain  the  s,tan.dard  number  of  trypanosomes;  i.  e.,  50  in  a  volume 
1/4 by 1/4 by I/IO ram.  In all instances in which the effect of varying temperatures 
upon blood was studied, the blood was heated by immersing the bottles containing 
it  in  water  heated to  the  requisite  temperature.  Time  was  not  counted  until  a 
thermometer  in  a  control  bottle  showed  that  the  temperature  desired  had  been 
reached  in this bottle.  Before  heating blood to  temperatures  which  caused  it to 
coagulate,  it was  usually  diluted to  prevent the  formation of  a  firm  clot. 
In  these  experiments the thermometer employed  for  temperatures  below  6o  ° 
C.  was very sensitive and agreed closely with a  number of other good  thermome- 
ters,  but  had  not  been  specially  corrected.  It  registered  only  62  °  C.  and  each 
degree  was  divided  in  tenths.  With  a  hand  lens  it  was  easy to  read  1/2o  of  a 
degree.  For temperatures above 60  ° C. other thermometers that registered higher 
were employed. 
Recording  Motility.--The  effect of the various  dilutions on the trypanosomes 
was  recorded  in percentages of  motility,  ioo per cent.  meaning that the  motility 
of  the  organisms  was  not  influenced,  o  per  cent.  that  all  the  trypanosomes  had 
been immobilized.  Intermediate percentages indicate intermediate degrees  of in- 
fluence,  these  being  recorded  after  referring  to  a  table  that  I  had  prepared  to 
facilitate and  make  uniform  the estimation of  these  percentages.  As  the  influ- 
ence  exerted  depended  ttpon the length of  time that the toxic  solution  had  been 
in contact with the trypanosomes, the number of  minutes' contact  is indicated  in 
each  table.  The  dilutions  recorded  are  in  all  eases  end  dilutions;  that  is,  the 
dilution  of  atoxyl  which  resulted  after  the  addition  of  the  trypanosomes.  In 
estimating the  dilution  no  allowance  could  be  made  for  the  atoxyl  which  was 
converted  into  transformed  atoxyl  during  the  incubation.  For  example,  the 
dilution I : I,OOO means that the original  Io per cent. atoxyl  in blood was  diluted 
5o  times  with  salt  solution,  making  an  atoxyl  dilution  of  1:5oo,  and  that  then 
I  volume  of  this  solution  was  added  to  an  equal  volume of  a  trypanosome  sus- 
pension,  making an  end dilution  of  i :I,OOO. 
General  Plan.--In  studying  the  effect  of  heat  upon  the  trans- 
forming power of blood,  comparatively  low temperatures  were first 
employed.  When  these  were  found  to  have  no  effect,  higher  tem- 
peratures were tried until temperatures were found which destroyed 
the  transforming  power  of  blood.  The  interval  between  the  tem- 
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the  transforming  power  were  then  studied  to  determine  more 
exactly  the  lowest  temperature  that  would  destroy  this  power. 
37 °  and  5 °o  C.--Blood  heated  to  37 °  C.  and  to  5 °0  C.  for  half 
an  hour  before  being  incubated  with  atoxyl  showed  no  perceptible 
alteration  in  its  transforming  power. 
TABLE  I. 
No. 
5.84 
5.85 
5.9o 
to 
5.95 
5.90 
to 
5.95 
Method. 
Incubation. 
A  (5 %, 37  °, 3 hrs.) 
A  (5%, 37  °, 3 hrs.) 
A  (5%, 37  °, 3 hrs.) 
Trans- I  Preliminary 
torming I  heat. 
a~:ent. I 
Blood 137  °, 30 rain. 
Blood I 5  o°, 30 rain. 
Blood ] 5  o°, 30 min. 
Blood I  N° prelim- 
inary heat  A  (5%, 37  °, 3 hrs.) 
Dilution  Diluti( 
xoo.  I  3°°' 
~=o  "1.~oo  o,,  N ~  :~  ' 
o  i8  ! 
o  I8  !  ! 
o  I6 
o  T6 
D  tion  Dilution  Dilution 
"~ ~  ~' .9  x,ooo.__  3,ooo, 
_  ~o  °  .. 
o  26  o  55  o_  84 
-o  26  o  55  _o  84 
o  22  o  66  8  70 
o  o  66  8  70 
A  is  the  abbreviation for  atoxyl. 
From table I  we see that a  sample of blood heated to 37  °  for  3o minutes be- 
haved  exactly  like  a  sample  heated  to  5o  °  for  30  minutes;  and  another  sample 
heated to  5o  °  for 3o minutes behaved like a  sample  that had  not been heated at 
all.  The  trypanosomes  were  completely  immobilized  in  all  dilutions  except  the 
one corresponding to  I  part of atoxyl in 3,ooo.  Here after 7o minutes the trypa- 
nosomes  in  two  samples  were  8  per  cent.  motile.  In  two  other  samples of  the 
same dilution all the trypanosomes were immobilized after a contact of 84 minutes. 
55 °  C. and Higher Ternperatures.--Blood  heated to  55 °  C.,  57 ° 
C., and 60 °  C.  for 3  °  minutes before it was incubated with atoxyl 
lost most of its transforming power.  This is shown in table II. 
In table II we see that ~olood heated preliminarily to 55 °  C.,  57 °  C.,  and 6o  °  C. 
transformed  atoxyl  so  little when subsequently incubated with  it that  in  a  dilu- 
tion of I  in i,ooo no action was seen on ,trypanosomes even after 66 to 86 minutes' 
contact.  On  the other hand,  the  transforming power  of  the blood  that was  not 
heated preliminarily was  so great that all the trypanosomes were  immobilized in 
dilutions of atoxyl equal to I  in i,ooo, and in the dilution I, in 3,~x)o the organisms 
were  only  8  per  cent.  motile  after  7o  minutes'  contact.  We  note  in  the  table, 
however,  that the  heated  blood  did  not lose  all  its  transforming  power,  for  we 
see  that  the  trypanosomes  were  distinctly  influenced  in  the  stronger  dilutions. 
For  example,  the trypanosomes  were  28  to  5I  per cent.  motile  in  two  dilutions 
of atoxyl corresponding to  I  part in 3oo,  and in the stronger dilutions of  I  in Ioo 
the influence of the residual transforming power was  still more obvious. 270  Effect of Heat on Binding Power of Blood. 
TABLE II. 
i 
I 
No.  i 
Trans- 
i  forming 
agent. 
A  (5%, 37  °, 3 hrs.)  8  50  51 
3---- --  ~8  A  (5%, 37  °, 3 hrs.)  '  63 
A  (5%, 37  ° ,3 hrs.)  ~  800  IOOO-[ 
/ 
A  (5%, 37  °, 3 hrs.)  5b  o 
60  ioo  66  IC  70 
64  Ioo  66  Io  72 
85  ~oo  86-  io  8_s8 
6o  o  66 
5.86  Blood 
5.90 
to  Blood  55 °, 30 min. 
5.95 
5.90 
to  Blood  57  °, 30 rain. 
5.95 
5.87  ~~-~ 
5.90 
to 
5.95 
70 
The interval between 5  °0 C. and 55 °  C. was next studied.  Blood 
was  heated at  5 I°  C.,  53 °  C.,  and  55 °  C.  for 30  minutes,  and  at 
55 °  C.  also  for:  15  minutes  and  for  7  minutes.  All  samples,  in- 
cluding one  that had  not  been  heated at  all,  were  then  tested  for 
their transforming power by making in each a  5  per  cent.  solution 
of  atoxyl and  incubating  for  3  hours  at  37 °.  The  result  of  this 
experiment is shown in table III. 
•  TABLE  III. 
No. 
.I02 
to 
.lO5 
5.102 
to 
5.1o5 
5.Io2 
to 
5.1o5 
to 
5.1o5 
5.1o2 
to 
5.1o5 
to 
5.1o5 
Method. 
aSz 
"~ ~  Preliminary 
a  ~  heat. 
5.IO2 
to  Blood  5 I°, 3o rain.  A 
5.1o5 
;  Blood  55 °,  7min.  A 
Blood  53 ° , 30min.  A 
__  Blood  55  °, I5min.  A 
Blood  55  °, 30 min.  A 
~o~1  --- 
Con-  I  None  A 
trol  I 
Incubation. 
(5%, 37  °, 3 hrs.)  O 
(5%, 37  °, 3 hrs.)  o 
(5%, 37  °, 3 hrs.)  o 
Dilution  Dilution 
5oo~_  _~,ooo_ 
- 
o 
t 
(5%,37 ° ,3hrs.)  o  39  25 
----  --  I00  ~-9-----  (5%, 37  °, 3 hrs.)  IOO 
(5%, 37  °, 3 hrs.)  o  39  7 
Dilution  Dilution 
4  54  58  60 
16  54  93  60 
72  54  IOO  60 
i oo  60 
2  54  48  60 B. T. Terry.  271 
We see in table III that 51 °  C.  for 3o minutes had scarcely  a perceptible effect 
on  the  transforming  power,  for  the  result  resembles  very  closely  that  of  the 
unheated control  blood.  We note also that 55 °  for 7 minutes had a  slight effect; 
that  53 °  for  30  minutes  was  more  injurious;  that  55 °  for  15  minutes  was  still 
more injurious;  and that 55 °  for 3o minutes was the most  injurious  oI all. 
In  the  experimen{  just  described  the  greatest  change  caused  by 
heating  for 30 minutes  was produced by temperatures  between  53 ° 
C.  and 55 °  C.  This  interval was therefore  studied again,  the heat- 
ing being prolonged  in  some  instances  to  6o minutes. 
It  was  found  that  53 °  for  one  hour  apparently  destroyed  the 
transforming  power  of  blood  completely,  but  heating  at  53 °  for 
30 minutes  was  much less  effective.  Between  53 °  and  54 °  for 60 
minutes  and  55 °  for  3 °  minutes  no  difference  was  seen. 
In another  experiment  53 °  for 60  minutes  destroyed  almost but 
not quite all  the transforming  power  of blood. 
We  may  summarize  the  effect  of  the  various  temperatures  and 
intervals  thus  far studied as  follows:  when the heating  was  for 60 
minutes,  54 °  C.  seemed  to destroy all  the transforming  power;  but 
when the heating was  for  3 °  minutes,  55 °  C.  apparently  destroyed 
nearly  all  this  power;  520  to  54 °  C.,  correspondingly  less;  51°, 
almost none;  and  5 °0 ,  none. 
Higher  Temperatures.--Temperatures  of  7  °0  and  IOO °  de- 
stroyed  the  transforming  power  of  blood  more  rapidly,  as  will  be 
seen  in  table  IV. 
TABLE  IV. 
i 
No.  Trans- 
forming 
agent. 
7.65  Blood 
.66  Blood 
7.67  Blood 
'.68  Blood 
Method. 
Dilu- 
tion 
before 
heat- 
ing. 
IO 
0 
IO 
IO 
Preliminary 
heat. 
7 O°,  IO rain. 
Incubation. 
A  (5%, 37% 3 hrs.) 
IOO  °, IO min.  A  (5 %, 37 °, 3 hrs.) 
I00 °,  IO min.  A  (5%, 37  °, 3 hrs.) 
No heat  A  (5%, 37% 3 hrs.) 
Dilution  Dilution 
4  °  .  I2o. 
o~  ~  ~o~ 
23  II7  89  II7 
Too  I00  122 
little to 
test 
IOO  128  IOO  --  ----  I28  .1OO 
Dilution  Dilution 
360.  3,240. 
I00  118  iI00  II  3 
I00  I22  I00  I20 
I28 IIO_O0 I2~ 
41  0  41 
Blood  heated  preliminarily  to  70  °  C.  for  IO  minutes lost nearly  all  its  trans- 
forming  power,  and  blood  heated  to  IOO  °  for  IO  minutes  seemingly  lost  all  its 
transforming  power.  This  result  was  obtained  repeatedly. 272  Effect of Heat on Binding Power of Blood. 
HEAT  SUBSEQUENT  TO  INCUBATION. 
The experiments thus  far recorded have dealt with the effect on 
blood  of  heat  applied  before  the  blood  had  been  incubated  with 
atoxyl.  Other  experiments were made to  determine the  effect of 
heat on  blood after  it  had  been  incubated wi(h atoxyl,  and  in  the 
course of these experiments several interesting facts were revealed, 
for it was found that as the heat increased the toxicity of the trans- 
formed atoxyl  for trypanosomes varied in  an  unexpected manner. 
With lower temperatures the toxicity increased as  the temperature 
was  raised.  When  certain  temperatures  were  reached,  however, 
the toxicity began to decrease, and at one temperature disappeared 
almost  completely.  As  the  temperature  was  raised  still  higher, 
however, the toxicity began to  return, and at  IOO  °  C.  the solution 
was almost as toxic as it had been immediately after the initial  in- 
cubation  at  37 °  for  3  hours.  The  experiments  showing  these 
changes will now be given. 
Rabbit  blood was incubated with  IO per cent. atoxyl for 3  hours 
at 37 °  C.  It was then diluted five times with salt solution to pre- 
vent the formation of firm clots during the subsequent heating, and 
was  divided  into  a  number  of  samples.  One  of  them,  kept  as  a 
control,  was  heated  no  further.  The  other  samples  were  heated 
/or IO minutes each to a  different temperature, 5  o°,  56°,  60 °,  7 o°, 
80 °,  9 o°,  and  IOO °  C.  Each sample was  then  diluted  so  that  its 
comparative toxicity  for trypanosomes  could be  determined.  The 
result  is  shown  in  table  V. 
From table V  we see that heating the blood to 5o  °  for IO minutes subsequent 
to  inct~bation  with  atoxyl  increased  its  toxicity  for  trypanosomes,  for  in  the 
atoxyl dilution of I  part in 8,IOO the trypanosomes were 20 per cent. motile after 
60  minutes' contact,  and  only  IO  per  cent.  motile after 90  minutes' contact.  In 
the same dilution of unheated blood the trypanosomes were  ioo per cem. motile 
after 60  minutes' and 2o per cent. motile after 90  minutes' contact. 
We see also in table V  that the Mood heated to 56 °  C.  was  more toxic than 
that  heated  to  50 °  C.,  but that  the  sample heated to  60 °  C.  for  IO  minutes was 
less toxic, being about as toxic as the sample heated to 50 °  for io minutes. B.  T. Terry.  273, 
,TABLE  V, 
No.  Method  of transforming  atoxyl.  Subsequent 
heat. 
9.54  Blood+A (Io%, 37 °, 3 hrs.)  None 
9.55  Blood+A(Io%,37°,3hrs.)  5o  °, Io rain. 
9.56  Blood+A(xo%,37°,3hrs.)  56°, Io rain. 
9.57  B1ood+A(Io%,37°,3hrs.)  6o  °, IO min. 
9.58  Blood+A(Io%,37°,3hrs.)  7o  °, Io rain. 
9.59  B1ood+A(to%,37°,3hrs.)  8o  °, zo rain. 
).60  B1ood+A(io%,37°,3hrs.)  9o  °, IO rain. 
9.6I  Blood +A (IO %, 37% 3 hrs.) IOO  °, Io rain. 
Dilution 
8,ioo. 
zoo[  3 ° 
ioo I  60 
9o 
30 
20  I  60 
IO  90 
50  30 
zo  60 
o  90 
zoo  30 
30  60 
Io  90 
ioo  3 ° 
zoo  60 
zoo  9 ° 
zoo  30 
zoo  60 
zoo  90 
zoo  30 
ZOO  60 
zoo  90 
IO0  3 ° 
ioo  60 
zoo  90 
Dilution  Dilution 
~,7oo.  9oo. 
60  30  o  30 
o  6o  o  60 
Dilution 
300. 
.~o  .~ 
o~ 
o  30 
0  60 
20  30  o  30  o  30 
o  60  o  60  o  60 
o  30  o 
o  6o  o 
zo  30  o 
o  60  o 
zoo  30  IOO 
zoo  60  ioo 
ioo  3  °  ioo 
ioo  60  ioo 
zoo  30  ioo 
zoo  6o  2o 
ioo  30  5o! 
8o  60  o 
I 
30  o 
60  o 
I 
3o  o 
60  o 
3o  zoo 
6o  ioo 
3  °  IO0 
60  80 
3  ° 
6o 
3o 
6o 
3o 
6o 
3o 
6o 
3o 
6o 
5  30 
o  6o 
o  o  3o 
6o  o  6o 
In table  V  the  decrease in toxicity caused by heating the  blood  subsequent to 
incubation  is  strikingly  shown  after  heating  to  70  °  C.,  for  the  trypanosomes 
brought in  contact  with  the  sample  heated  to  this  temperature  for  IO  minutes 
remained  zoo per  cent.  motile  even  after  contact  for 60  minutes in a  dilution  of 
atoxyl  corresponding to  I  in 300. 
Heating to 80  °  C. lef, t  the sample a  little  more toxic than heating it to 70  °  C., 
for we note  in the  atoxyl  dilution  of  I  in  300  that  after  60  minutes'  contact  the 
trypanosomes were  but  8o  per  cent.  motile  instead  of  I00.  He~ting  to  80  °  C. 
caused,  therefore,  the  return of  a  slight amount of  toxicity.  Heating  to 9  °0  C. 
caused  the  return  of  more  of  the  toxicity,  and  heating  to  zoo  °  C.  caused  the 
return  of  still  more;  for we  see  in t~ble  V  that  after  heating  to  IOO  °  C.  f'or  Io 
minutes all  the parasites were immobilized in an atoxyl dilution  of  I  in 900  after 
contact  for 60  minutes. 
The effects  in table V  which interested  me most were produced by heating to 
70  ° C. and to I00  °  C.  These temperatures were employed, therefore, in a  number 
of  similar  experiments,  and  in  all  of  them  it  was  found  that  heating to  7  °0  C. 
caused  the  toxic  substance  to  decrease  greatly,  while  heating  to  Ioo  °  C.  caused 
the  toxicity of the  solution in blood to  return  more or less completely. 274  Effect of Heat on Binding Power of Blood. 
Suggested E.vplanation.--Blood incubated at 37 °  C. with  I  to  IO 
per cent. atoxyl transforms  this medicament  in part  into a  trypano- 
cidal  substance.  Some  of  the  trypanocidal  substance  is  bound  by 
the  red  blood  cells  (this  seems  evident  from  experiments  not  re- 
ported  in  this  paper),  but some of  it  remains  free  and  is  detected 
when  trypanosomes  are  added  to  the  solution.  When  blood is  in- 
cubated with atoxyl at  37 °  C.  a  double process  goes  on;  atoxyl  is 
transformed  and transformed  atoxyl is bound.  The double process 
continues  as  the  'temperature  is  raised,  but  in  most  experiments 
the transforming  process is the more prominent,  for an  increase  in 
toxicity is noted  as the  temperature  is  raised.  When the  tempera- 
ture reaches 54 °  to 560 C., however, the transforming  process soon 
ceases and  at 60 °  C. the binding process makes  itself evident. 
At  about  7  o°  C.  the  binding  process  reaches  its  maximum  and 
the  blood takes  up most  of the  toxin  in solution.  _At  higher  tem- 
peratures  (or, as we shall soon see, on prolonged heating at 7  °0  C.) 
a  third,  or liberating,  process begins,  the transforming  and  binding 
processes being no longer operative.  The blood therefore begins to 
give up the toxin it has bound, and at  IOO °  C. most of the toxin is 
free again. 
Prolonged  Heating.--When  blood  that  had  been  incubated  at 
37 °  C.  for  3  hours  with  atoxyl  was  subsequently  heated  to  7 °° 
and to IOO °  for 3 °  minutes instead of for  IO minutes,  it was  found 
that  both samples were more toxic than  similar  samples heated  for 
IO minutes.  Even at 7  °0  the prolonged heating evidently liberated 
some of the toxin and at IOO  °  C.  for 30 minutes,  freed all or nearly 
all  the  toxin. 
As  controls  on  the  experiments  in  which  blood  incubated  with 
atoxyl was subsequently heated to  IOO °  for  IO and  for 3 °  minutes, 
blood alone  and  atoxyl alone  were heated  to  IOO °  for  ro  and  for 
30  minutes  and  tested  with  trypanosomes.  These  experiments 
showed that the heating separately of blood and atoxyl to  IOO °  fo.r 
IO and  for 30 minutes  did not make either of them  toxic. 
The  power of blood to take up and  bind  transformed  atoxyl  on 
being heated to  7  °0  C.  for  IO minutes  in its presence is  apparently 
completely lost when  blood is  heated to  IOO °  for  IO  minutes.  In 
one  experiment  blood  that  had  been  incubated  with  IO  per  cent. B. T. Terry.  275 
atoxyl at 37 °  for 3  hours  was diluted five times  with salt solution. 
One sample of this was heated first to IOO ° for IO minutes, and soon 
afterwards was heated to 7  o°  for  IO minutes.  The toxicity of this 
heated sample and the toxicity of an unheated sample are shown in 
table VI. 
TABLE  VI. 
No.  Method. 
~.23  Blood  A  (zo%, 37  °, 3 hrs.)  Dilution  zoo  °, zo rain. 
t:5 
,.22  Blood  A  (xo%, 37  °, 3 hrs.)  Dilution  Not heated 
I  I  : 5  subsequently 
Dilution 
~zoo. 
IO0 
70  ° ,  'to rain.  CC  'too 
6o 
I00 
Not heated  CC  -^ 
subsequently  3o  ~'~ 
Dilution 
2,700. 
30  3o  30 
60  5  60 
90  5  90 
30  zo  30 
6o  5  60 
90  o  90 
Dilution 
9oo. 
IO  30 
O  6O 
O  90 
O  30 
0  6O 
O  9O 
In  this  and  the  following  tables  CC  means  clear  centrifugalized  fluid  con- 
taining  transformed  atoxyl  but  no  corpuscles. 
From  table  VI  we  see  that  the  sample  heated  subsequently  to  IOO  °  for  Io 
minutes  and  then  to  70  °  for  Io  minutes  was  almost  as  toxic  as  the  unheated 
sample.  The  slight  difference  is  proba:bly  due  to  the  fact  that  heating  to  IOO  ° 
for  Io minutes does not usually suffice to  free all  the toxic substance. 
Transformed  Atoxyl  Enters  Corpuscles.--Transformed  atoxy! 
produced by incubating blood with atoxyl at 37 ~ for 3 hours  enters 
the blood corpuscles when the blood is heated in its presence to 7 o° 
for IO minutes.  This is shown by the fact that on heating the blood 
and then  centrifugalizing  it  the fluid above the corpuscles  loses  its 
toxicity and does not regain  it if it is separated  from the corpuscle~ 
and  is then heated to  IOO °  for 20 minutes.  The corpuscles, on the 
other  hand,  if  brought  into  contact  with  fresh salt  solution,  make 
this  quite toxic  for  trypanosomes,  if  while in  contact  with  it  they 
are heated to IOO °  for 20 minutes.  In table VII  I  per cent.  atoxyl 
was used instead of IO per cent.  The reason will soon be apparent. 276  Effect of Heat on Bi~ding Power of Blood. 
TABLE  VII. 
I 
0  3/.loo  
9.38  Blood 
Method. 
A  (r%, 37  °, 3  hrs.) 
A  (r %,  37  °, 3  hrs.) 
Dilution  [ 
I  :5  70  ° ,  Iomin. 
i 
Dilution  I 
1"  : S  70  °,  Io rain. 
CSS  IO0  °, 20 rain.  CC 
CC  Ioo  °, 2o rain.  CC 
D  ut on  ]  Dilution 
3.ooo.  _~,ooo. 
~J 
,'~i  •  .~  • 
~o[  9o  /  o  90 
Io0  30  Ioo ~ 3o 
IOO[  60  [ I00 i  60 
TOO/  90  IT00  90 
CSS  means  corpuscles suspended in  salt solution after being separated  from 
the solution of transformed atoxyl. 
From table VII we see that  the corpuscles heated to  IOO  °  C.  for 20  minutes 
rendered  the  salt solution quite toxic,  for  all of  the trypanosomes were  immo- 
bilized in 60 minutes in an atoxyl dilution of. I  to  I,OOO, and in 9o minutes were 
almost immobilized (xo per cent.)  in a  dilution of I  in 3,ooo.  On the other hand, 
the  supernatant fluid remained non-toxic in the same dilutions. 
Laked  Blood  Binds  Transformed  Atoxyl.--The  reason  that  I 
per  cent.  atoxyl  was  used  instead  of  IO per  cent.  in  the  last experi- 
ment  is that  blood  is partially laked during  its  incubation  at  37 °  C. 
for 3  hours  with  Io per cent.  atoxyl, and  under  the  influence of the 
proper  temperature  laked blood,  like unlaked  blood,  can be made  to 
take  up,  or  to  free,  transformed  atoxyl.  This  is  shown  in  table 
VIII. 
TABLE  VIII. 
No. 
8.I84  Blood  A  (IO%, 37  °, 3 hrs.) 
I 
8.I9C  Blood  A  (IO%, 37  °, 3 hrs.)  Dilution 
I:5 
8.I91  Blood 
8.I92  Blood 
Method, 
A  (IO%, 37  °, 3 hrs.) 
A  (lO%, 37  ° , 3 hrs.) 
8.I94  Blood  A  (IO%, 37  °, 3  hrs.), 
Control ot  4oi  or  o  o 
Dilution  CC  subsequently  o  o'  o  o 
i  : 5  !  heated  o  o  l  o  o 
IOO  IOO IIOO IOO 
ca  7 O°,  IO min. IooIO0 IooIO0  ilooIOO  iioo20 
i 
Dilution  CC  Ioo  IOO  IOO  60 
I  : 5  700' 30 min. IOO iIOO i  40  5 
IOO IOO  i  IO  0 
Dilution  CC  IOO  °,  lO min [IOO i~  [~]  i  o  I  o  o  ~:5  I  01  o  o  o 
Dilution  ---[  --i  ~'o  o  o  i  o  I-- 
ol  o  i  o  I  : 5  CC t IOO°,  30 min.  o  r  ' 
[  o[  o[  o,  o 
!! 
~a 
3 ° 
6o 
9o 
3 ° 
60 
9o 
3 ° 
60 
90 
3 ° 
6o 
9o 
3o 
60 
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From table VIII  we see that after partial laking of the red blood corpuscles 
the supernatant fluid was quite toxic; that heating this fluid to 70  °  for Io minutes 
caused  nearly  all  the toxicity to  disappear;  and  that  heating  it  to  Ioo  °  for  Io 
minutes caused almost all  the toxicity to  reappear.  The solutions heated  for 30 
minutes were more toxic than those heated for Io minutes. 
Concentrating the Transformed A toxyl.--As transformed atoxyl 
enters  the red blood  corpuscles  on being heated with them to  7  °o 
for  IO minutes, it seemed probable  that  this  fact might be utilized 
to  concentrate the toxic substance.  In  an  experiment to  test  this 
point blood was first incubated with 5 per cent. atoxyl for 3  hours 
at 37 °.  It was then diluted  I2~  times with salt solution and one 
part  was  heated  to  7  °0  for  IO  minutes,  was  centrifugalized,  the 
supernatant fluid was poured off, and a  small quantity of fresh salt 
solution  (3.5  cubic centimeters) was added to the corpuscles which 
were then  heated to  IOO °  for 30  minutes.  The  supernatant  fluid 
which had been poured off and blood that had not been heated sub- 
sequently were tested as controls.  The result is shown in table IX. 
SUMMARY. 
I.  The transforming power of red blood cells  for atoxyl is  ap- 
parently uninfluenced by a  preliminary heating of the blood  for 3o 
minutes  at  5  °o  C.,  but  a  temperature  of  55 °  C.  acting  for  3o 
minutes destroys this property of blood almost completely. 
2.  When  the  heating  was  for  6o  minutes,  54 °  C.  and  higher 
temperatures apparently destroyed all the transforming power. 
3.  After heating for Io minutes, 7 °0  C.  destroyed almost all the 
transforming power, and  Ioo °  C.  seemingly destroyed all. 
4.  Under the  influence of  certain temperatures blood  seemingly 
binds  transformed  atoxyl,  and  under  the  influence of  other  tem- 
peratures frees it again.  A  temperature of 7 °0  C.  for  Io minutes 
applied  to  blood  subsequent  to  its  incubation  with  atoxyl  causes 
nearly all  the toxicity of the solution to  disappear.  On the  other 
hand,  a  temperature  of  Ioo °  C.  for  Io  minutes applied  to  blood 
subsequent  to  incubation with atoxyl leaves the solution almost as 
toxic as if the blood had not been heated at all after the incubation. 
5-  Some  of  the  transformed atoxyl bound  by  blood  when  it  is 
heated to 7  °o  C.  for Io minutes is  freed if the heating at 7  °o  C.  is 
prolonged to 3  °  minutes. 278  Effect of Heat on Binding Power of Blood. 
,-1 
o 
oo  ~g, 
I 
oo  iooo 
o  o  o 
":  oo&oo,oo  oo 
o~  •  ~  ~  ~  & 
~  ~ 
=~  .:~  oo  o  o  o  o  o  o 
o 
o  = 
o  ~  ~ 
=1  .. 
.o~  .~ 
~o 
0 
=.~ 
~  o 
q9  C:~ 
..  o  ~.~.- 
~..~ 
,~  ~  ~'~ 
• ~o  "~  ~  ~'~o 
.~  ~:  =  o 
~o~ 
i B.  T. Terry.  279 
6.  Blood  which  has  bound  transformed  atoxyl  gives  up  most, 
but  not  all,  of  this  toxic  substance  when  heated  to  Ioo °  for  Io 
minutes.  All, or nearly all, is freed when the heating at  Ioo  °  C.  is 
Continued for 3o minutes. 
7.  Under  the  influence of  7  °o  C.  for  Io  minutes  transformed 
atoxyl may be made to enter blood corpuscles,  for the fluid above 
these corpuscles  is  rendered non-toxic and  does  not  become toxic 
again when heated to  IOO °  for 2o minutes, provided it contains no 
laked blood.  The blood corpuscles, on the other hand, when heated 
to  Ioo °  for 2o  minutes  in  contact  with  fresh salt  solution,  make 
this solution quite toxic. 
8.  Laked blood in contact with transformed atoxyl behaves like 
unlaked blood when heated to 7 °0  C.  and to  IOO °  C.  for  Io to 3 ° 
minutes. 
9.  The toxic substance can be concentrated by heating the blood 
corpuscles  in  contact  with  transformed  atoxyl  to  7  °0  C.  for  Io 
minutes, centrifugalizing, removing a  large part of the supernatant 
fluid, and then heating to  Ioo  °  C.  for 30 minutes. 
Io.  The power of blood to take up and bind transformed atoxyl 
is destroyed apparently completely by heatin.g blood to  IOO °  C.  for 
Io minutes. 
II.  The toxic substance into which atoxyl is transformed (trans- 
formed  atoxyl)  is  thermostabile,  but  the  transforming  agent  in 
blood is thermolabile. 